Summary. Testicular 
Introduction
The primordial germ cells of mammals arise in the yolk sac and migrate to the gonadal ridges during early embryogenesis (Witschi, 1948; Mintz & Russell, 1957) . Haemopoietic chimaerism in twin cattle has long been known (Owen, 1945) and when Ohno, Trujillo, Stenius, Christian & Teplitz (1962) found XX cells at mitosis in the testes of new born bull calves, twins of females, they suggested that germ cells might also be exchanged. Ohno & Gropp (1965) found presumptive germ cells in the blood vessels of triplet fetuses at a time when migration of germ cells was in progress, as indicated by the presence of alkaline phosphatase-positive cells in the dorsal mesentery. The fetuses were thought to be at approximately the 30th day of gestation and the finding of XX/XY chimaerism in direct preparations from liver proved that vascular connections had already been established. These observations were supported by Jost & Prépin (1966) Exchange of cells between heterosexual cattle twins in utero has recently been placed in a new light by the discovery that ligation of blood vessels between pairs of fetuses between 37 and 45 days of gestation does not prevent the development of cellular chimaerism yet apparently suppresses the factor that normally brings about intersexual development of the female twin, as judged by observa¬ tions on ovaries and Miillerian tubes at 60-61 days of gestation (Vigier, Locatelli, Prépin, du Mesuil du Buisson & Jost, 1976 ).
Haemopoietic chimaerism is also common in marmoset monkeys. Benirschke & Brownhill (1963) searched for germ cell chimaerism and reported finding XX spermatogonia or XX spermatocytes, or both, in the testes of single males of three species. These observations were supported by Egozcue, Perkins & Hagemenas (1968 ,1969 , and in an extensive study of meiosis in marmosets of both sexes Hampton (1970) (Ford et al., 1975) . We now report observations on testicular preparations from 7 XX/XY bulls born twins to freemartins and 1 male XX/XY marmoset.
Materials and Methods
Fresh testicular material was obtained at slaughter from 7 bulls, aged [44] [45] [46] [47] [48] [49] [50] [51] [52] [53] [54] [55] [56] weeks, each born as a twin to a freemartin. The single male marmoset was one of a group of 6 used for a study of chimaerism in the lymphomyeloid complex (Ford, 1966a Vigier, Prépin & Jost (1973) . Popescu (1971) Benirschke & Brownhill (1962) . The X chromosome is sub-metacentric and not easily distinguished from a group of 9 autosomal pairs; there are therefore 20 chromosomes of this group in the female and 19 in the male. The Y chromosome is shown as a small metacentric chromosome, clearly shorter than any autosome, but in our experience may be longer and not readily distinguishable from the 6 short acrocentric autosomes.
Both testes were removed from the bulls immediately after slaughter and cut longitudinally. Small samples of tubules were taken from several positions on the cut surface to ensure good representation of the whole organ. The samples were combined in Hanks's balanced salt solution for transport to the laboratory where chromosome preparations were made by an air-drying method (Evans, Breckon & Ford, 1964) (Ford, 1966b) . Monolayer cultures were set up from gonadal expiants from two of the twin pairs and har¬ vested 3-9 days later after one sub-culture. Air-dried preparations were made by the same basic procedure. Phytohaemagglutinin-stimulated cultures of peripheral blood were set up and harvested by an adaptation of the method of Moorhead, Nowell, Mellman, Battips & Hungerford (1960) .
Results
The observations on 1241 cells are summarized in Their assumption that these were germ cells has been questioned by Tarkowski (1970) Barnes & Kruschov, 1968) and that they could have arrived subsequent to birth. Chimaeras that are presumed to have arisen naturally by vascular exchange in utero between fetuses of different sex have also been recorded in man (Race & Sanger, 1975) and in sheep, goat, horse and pig (Marcum, 1974, review by Ford, 1970; Mittwoch, 1973) . It has recently been suggested that the H-Y antigen may represent the immunological expression of the agent concerned (Wachtel, Ohno, Koo & Boyse, 1975; Ohno, Christian, Wachtel & Koo, 1976) . (2) One of the two X chromosomes is genetically inactive in the female soma (Lyon, 1972, review) . (3) The single X chromosome in the germ cells of normal XY males is genetically inactivated at an early point in spermatogenesis (Lifschytz & Lindsley, 1972; Lifschytz, 1972) . (4) XX and XXY males are sterile and lack germ cells at maturity though they are present in fetal life and in prepubertal human males (Short, 1972, review; de la Chapelle, 1972 (Epstein, 1969) and human oocytes (Gartler, Liskay, Campbell, Sparkes & Grant, 1972 (Short, 1972, review) . XO oocytes in the human female normally have all disappeared by the time of birth or shortly thereafter though there are 4 cases on record of fertile, apparently non-mosaic 45,X females (see Lajborek-Czyz, 1976 ). Sterile, 'streak' gonads typically occupy the place of ovaries in 45,X adults (Carr, Haggar & Hart, 1968) . The XO mouse is, by contrast, normally fertile though its supply of oocytes is exhausted long before those of its XX litter mates (Lyon & Hawker, 1973 (Ohno, Jainchill & Stenius, 1963 ; Ohno, 1964) ; in the marsupial family Peramelidae the soma is, in varying degree, XO in both sexes though the germ cells of ovary and testis retain their normal XX and XY constitutions (Hayman & Martin, 1974, review (Mystkowska & Tarkowski, 1968; Ford et al, 1975 Dunn, Kenney & Lein, 1968b; Rieck, 1973 Rieck, , 1976 . Chimaerism in such animals is widespread through all the tissues of the body and they have been variously termed 'primary' chimaeras (Tarkow¬ ski, 1970) , 'whole-body' chimaeras (Benirschke, 1972) , 'autonomous' chimaeras (Rieck, 1973) and 'dispermie' chimaeras (Race & Sanger, 1975) . By analogy with the mouse (see Ford et al., 1975) , primary chimaeras in cattle would be expected to range in phenotype from normal fertile males, through sterile males, intersexes, and sterile females to normal fertile females. All investigated so far have been intersexes (Rieck, 1976) , but this may only reflect choice of material for study and the identification of members of the two extreme classes would depend on fortuitous discovery. Mäkinen (1974) reported a fertile XX/XY bull, born a singleton, which we think may have been a primary chimaera. If germ cells of type contrary to the phenotype are found not to survive in the gonads of fertile primary XX/XY chimaeras (as in the artificial male XX/XY mouse chimaeras), despite normal migration within a single individual during fetal life, survival in secondary XX/XY chimaeras after transport in the circulation from one fetus to another would be very unlikely indeed.
A small proportion of the artificial XX/XY chimaeric mice develop into fertile females. Indirect evidence for a functional Y-bearing oocyte in one such chimaera (Ford et al., 1975) has recently been supported by the finding ofan oocyte at diakinesis in a direct preparation from the ovaries ofanother (E. P. Evans, unpublished observation). Burgoyne & Biggers (1976) , however, present experimental evidence favouring the probability that ova derived from XY oocytes would be deficient in products of the single X chromosome and give embryos that would have a reduced probability of survival in competition with embryos ultimately derived from XX oocytes. Hampton (1970) claimed two probable XY oocytes in preparations from 2 of 12 female marmosets (not otherwise examined for chimaerism) and illustrates both of them. We believe the bodies she thought were XY bivalents could have been autosomal bivalents with single terminal or sub-terminal chiasmata. Should XY oocytes nevertheless occur in chimaeric female marmosets and be capable of maturing into functional ova, a modified secondary sex ratio with an increased proportion of males would be expected (Benirschke & Brownhill, 1963) . There are records, from 9 different colonies, of 1505 males to 1236 females at birth or weaning (Hampton, 1970; Gengozian, 1971 ;  (Gengozian, 1971) . (Gerneke, 1969) or of reduced fertility (Dunn et al, 1968a; Stafford, 1972) . The exceptional bull of de Giovanni and her colleagues was also of somewhat reduced fertility (a 60-90 day non-return rate of 48-9 in one period compared with a mean of 62 for other bulls at the same A.I. centre). However, even if all the excess failure of pregnancy (13-2 %) had been due to selective death of male fetuses it would not account for the deviation from a 1:1 sex ratio (which would have required selective death of 36-2 % of male fetuses). The aberrant sex ratio is therefore independent of lowered fertility.
The reports of biased sex-ratio just discussed are anecdotal. One systematic investigation (Milk Marketing Board, 1970) 
